Introduction: The aim of this study was to define the reference intervals (RIs) in a Turkish population living in Northeast Turkey (Erzurum) for 34 analytes using direct and indirect methods. In the present study, the regional RIs obtained were compared with other RI studies, primarily the nationwide study performed in Turkey. Materials and methods: For the direct method, 435 blood samples were collected from a healthy group of females (N = 218) and males (N = 217) aged between 18 and 65 years. The sera were analysed in Ataturk University hospital laboratory using Roche reagents and analysers for 34 analytes. The data from 1,366,948 records were used to calculate the indirect RIs using a modified Bhattacharya method. Results: Significant gender-related differences were observed for 17 analytes. There were also some apparent differences between RIs derived from indirect and direct methods particularly in some analytes (e.g. gamma-glutamyltransferase, creatine kinase, LDL-cholesterol and iron). The RIs derived with the direct method for some, but not all, of the analytes were generally comparable with the RIs reported in the nationwide study and other previous studies in Turkey.There were large differences between RIs derived by the direct method and the expected values shown in the kit insert (e.g. aspartate aminotransferase, total-cholesterol, HDL-cholesterol, and vitamin B12). Conclusions: These data provide region-specific RIs for 34 analytes determined by the direct and indirect methods. The observed differences in RIs between previous studies could be related to nutritional status and environmental factors.
Introduction
Reference intervals (RIs) are very important for the interpretation of laboratory test results. RIs can be determined in some specified ways, and careful determination of RIs by a laboratory is extremely important (1) . The International Federation of Clinical Chemistry (IFCC) has published several papers and recommended that each laboratory should have its own reference values and estimate the corresponding RIs according to defined procedures (2) (3) (4) . The Clinical and Laboratory Standards Institute (CLSI) published in 2010 the C28-A3 guideline to describe the recommendations on RIs (5) . However, the majority of clinical laboratories are not able to implement their RIs due to the difficulty in obtaining sufficient numbers of reference individuals from a representative population and subpopulations, and the high costs of numerous tests to be performed by individual laboratories. Thus, in practice, only a few clinical laboratories produce their own RIs, while the great majority use the RIs reported in literature or in the manufacturer's package inserts. The need to revisit the concept of RIs has recently been discussed and attempts have been made to overcome these difficulties through multicenter production of RIs (6) and/or using hospital and primary healthcare pa-Bakan E. et al.
Regional reference interval study in Turkey tients and applying different criteria for the detection of RIs (7) .
Multicenter RI determination is a good alternative and a very important option for individual laboratory RI determination. As common standardization and traceability are crucial during production of reference values, each step of the pre-analytical, analytical and statistical application follows a welldefined protocol. In recent years, the IFCC Committee on Reference Intervals and Decision Limits (the C-RIDL) has been devoted to the determination of common or harmonized RIs. Recently, the C-RIDL published two papers including a protocol and comprehensive standard operating procedures (SOPs) (8) with indications on the utility of a panel of sera for the alignment of test results among laboratories in multicenter studies (9) . The requirements for conducting the multicenter study, phase by phase, can be summarized as: a priori selection of reference subjects (i.e. inclusionexclusion criteria, ethnicity and questionnaire), clear definition of pre-analytical phase (i.e. blood collection, sample proccesing, storage and transportation), clear definition of analytical phase (i.e. requirements for central laboratories and measurements, quality control, assay standardization and cross-comparison of values), statistical procedures for data analysis and reports of results (i.e. validation of data, analyses of sources of variation, partitioning criteria and derivation of RI) (8) . Therefore, the global use of comprehensive SOPs and a common protocol is probably the most effective way to investigate globally applicable, common RIs (10) . Such a nationwide multicenter RI study has been organized and performed in Turkey recently, using Abbott analysers for clinical chemistry analyses (11) . Our laboratory was one of the participants in the nationwide multicenter RI study mentioned above (11) , and we are currently using RIs derived from that study.
The city of Erzurum is located in Northeastern Anatolia and has the particular features of an average altitude of 1800 meters above sea level and long, extremely cold winters. Erzurum has a population of approximately 800,000 and the population is more homogenous than in other regions of Turkey. More than half of the population in the region live in rural areas, and the general economic status of the region is relatively low (12) . Considering the importance of additional regional characteristics of the population in Eastern Anatolia and the nutritional, environmental, economic and socio-cultural factors, we organized and conducted a specific regional RI study in parallel to our participation in the nationwide multicenter study. The study aimed to (a) define region-specific direct and indirect RIs for 34 biochemical analytes and (b) explore possible regional differences in direct RIs derived from the nationwide multicenter study and other RI studies in Turkey. The RIs obtained through the direct method were compared with the RIs suggested by the manufacturer. The region-specific RIs were determined using both the direct and indirect methods. In the direct method, recommended by the IFCC, the RIs were determined in a healthy reference population from our region (Eastern Turkey), selected according to the IFCC recommendations. In the indirect method, the region-specific RIs were determined using a large amount of hospital patient data from our laboratory information system according to the modified Bhattacharya procedure (13). The modified Bhattacharya procedure is widely accepted as an alternative approach for the determination RIs of using the stored patient data.
Materials and methods

Subjects
For the direct RI determination, a total of 435 (217 males and 218 females) healthy individuals, selected according to the IFCC recommendations from our region (Eastern Turkey), were included in the study. The selected individuals were aged between 18 and 85 years. The main target age range was 20-65 years. A questionnaire comprising general health and lifestyle questions was completed in order to include proper subjects and exclude irrelevant subjects to avoid confounding and false results. Inclusion and exclusion criteria were set according to the IFCC/C-RIDL protocol (8) . Exclusion criteria were: BMI ≥ 30, alcohol consumption ≥ 70 g/day, smoking > 20 cigarettes/day, chronic sys-
Regional reference interval study in Turkey temic disease, having an acute disease within the last 14 days, currently known carrier state for HBV, HBC or HIV, pregnancy, and being in the postpartum first year. The volunteers gave written informed consent to participate in the study and they were informed of the results on request.
Methods
The study protocol was approved by the Ethics Committee of Ataturk University, School of Medicine (number 2012.4.1/11). In the direct method, the reference individuals were selected from a reference population using specific, well-defined criteria. For the direct method, preparation of the subjects for sampling and the procedures of sampling, and sample processing were conducted using the recently published IFCC/C-RIDL protocol (8) . Blood specimens of 8 mL were collected into gel serum separator tubes, SST II (Becton, Dickinson and Company, Oxford, England). The subjects fasted prior to sample collection and the time of sampling was set at 7 to 10 am. Within 20 to 30 minutes of sampling, the samples were centrifuged at 1200 x g for 10 min at room temperature. Blood samples were centrifuged within 20-30 minutes of withdrawal from each volunteer. One aliquot of 1 ml was prepared and stored at -80 ± 2 o C for up to six months until analysis. The frozen serum samples were transferred to a refrigerator (+4-6 o C) for about 2-3 hours for thawing before analysis and then transferred to the analyser within 6 hours of thawing.
The following analytes were measured in each serum sample: alkaline phosphatase (ALP), gammaglutamyltransferase (GGT), aspartate aminotransferase (AST), alanine aminotransferase (ALT), Assuming that persons with repeated measurements have a higher chance of being diseased, data from subjects who had repeated meaurements for any of the given 34 analytes within the 3-month observation period were excluded to ensure that the majority of the values for each analyte were health related. Together with this exclusion criterion, data for hospitalized patients and for ambulatory patients from the intensive care units were eliminated. Thus, the selected population can be named as outpatients.
The same analyser, Cobas 8000 and E 170 (Roche Diagnostics, Mannheim, Germany), was used for the direct and indirect studies. The time periods were the same (between January and December 2012) and the analytical issues were exactly the same in both studies.
Internal quality control was performed by daily assays of commercial lyophilized sera in two concentrations of each analyte. The desirable limits for between-and within-day analytical variations (CV A ) were set as ½ of within-subject biological variation (CV I ), as defined by Ricos et al. (14) and reported on the Westgard website (15). The within- and between-day CV A for all analytes, listed in Table 1, did not exceed the desirable limits reported (14) . External quality control was performed using EQAS (Bio-Rad Laboratories, Milano, Italy). The results of the external quality control were acceptable when compared with the same peer group. A modified Bhattacharya procedure (13) was used to estimate the indirect RIs from hospital patient data. In the unmodified Bhattacharya method, the distribution of the main population is assumed to be Gaussian (18) . Since most laboratory data are not Gaussian, Baadenhuijsen et al. described a modification (13) . The data of the total unselected hospital population obviously cannot be transformed to a normal distribution because the deviation from the normal distribution is caused in part by results that are pathological. Only the analytical data near the mean were used (at least 40% of the results). It was assumed that calculation on this subpopulation was not influenced by pathological test results (13) . The 90% CI of the lower and upper limits of the RIs were calculated using the bootstrap method, through random resampling (200 times) of the same dataset.
Statistical analysis
For each analyte, the values of both groups of RIs, direct and indirect, were calculated for males and females, separately. The difference was taken into consideration and noted if the difference between the lower limits or upper limits was more than 10% (> 10%) of the compared RI.
Results
The median (interquartile range, IQR) age of males, females and the total group were 38 (29-47), 39 (29-48) and 38 (29-48) years, respectively. The age distribution for the direct population is presented in Table 2 . Table 3 shows the RIs of 34 analytes determined by the direct method in males (N = 217) and females (N = 218) participants and 90% CIs of reference limits. Significant gender-related differences (SDR > 0.30) were observed for 17 analytes; ALP, GGT, AST, ALT, CK, TG, TC, HDL-C, LDL-C, Fe, TBIL, UN, CRE, UA, FER, VIT B 12 and PTH. However, RIs for all analytes were stated as separate RIs for males and females (Table 3 ). The upper limits of RIs determined by the direct method in males were higher (> 10%) than in females for GGT, ALT, AST, AMY, CK, TG, LDL-C, TBIL, DBIL, CRE, UA, FER and INS, and lower (> 10%) than in females for HDL-C, FOL and PTH (Table 3 ). The lower limits of RIs in males were higher (> 10%) than females for GGT, ALT, AMY, CK, Fe, UN, CRE, UA, FER, TBIL and FT3, and the values in females were higher (> 10%) than in males for HDL-C, TSH, IP and INS (Table 3 ).
The calculated indirect RIs for each analyte and 90% CIs of reference limits are shown for males and females in Table 4 . The upper limits of RIs for males were higher (> 10%) than in females for CK, Fe, TBIL, CRE, UA and FER. The lower limits of RIs for males were higher (> 10%) than in females for ALP, GGT, CK, TG, Fe, TBIL, DBIL, UN, CRE, UA, VIT B 12 and FER (Table 4 ). The lower limits of RIs for males were lower (> 10%) than in females for HDL-C, TC, FT3 and TSH. The upper limits of RIs for males were lower (> 10%) than in females for FT3 and PTH (Table 4) .
As seen in Tables 3 and 4 , there were some differences (> 10% lower or higher) in the upper limits of the observed RIs for GGT, ALT, LDH, CK, HDL-C, LDL-C, Fe, Alb, FT3, FT4 and FER determined by di- (20), and R3 (21)] in Turkey, and the RIs of the recently conducted multicenter RI study for Turkey (11) and (c) the values expected by the manufacturer for these analytes.
The RIs observed in the present study by the direct method for some, but not all analytes, were more or less comparable with the values reported in the MC, R1, R2 and R3 studies ( Table 5) . The values of RIs for some analytes in the present study and the multicenter study were comparable. However, the upper limits of RIs determined in the multicenter study for ALT, CRE and LDL-C. The lower limits of RIs determined in the present study for males were lower (> 10%) than those of the multicenter study for GGT, AST, LDH, CK, HDL-C, Mg and DBIL. The upper limits of RIs determined in the present study for females were higher (>10%) than those of the multicenter study for GGT, ALT, LDL-C, IP, CRE, TBIL, TG and GLU. The lower limits of RIs determined in present study for males were higher (> 10 %) than those of the the present study for females were lower (> 10%) than those of the multicenter study for CRE, TC, HDL-C, AST, ALT, LDH, AMY, Mg and DBIL (Table 5 ).
The RIs in the lower and/or upper limits observed in the present study were also different (> 10 % lower or higher) from the values reported in R1 study for ALP, GGT, AST, ALT, LDH, AMY, CK, TG, HDL-C, IP, TBIL, DBIL, GLU, UN, CRE, UA, TSH, VIT B 12 , FOL and FER, and the values reported in R2 study for ALP, TG, HDL-C, LDL-C, CRE, FT3, FT4 and TSH, and the values reported in R3 study for ALP, AST, ALT, TG, HDL-C, UN, UA, CRE, K, FT3, FT4, TSH, VIT B 12 , and FOL (Table 5 ). As seen in 
Discussion
The present data provided direct and indirect RIs for 34 biochemical analytes for our laboratory in Erzurum in Eastern Anatolia. The results of this study showed some differences between the RIs derived by the direct method and the indirect method. The RIs derived with the direct method for some, but not all, of the analytes were comparable with the RIs reported in the nation-wide study and other previous studies in Turkey.
The data of the present study showed clearly that there are some differences in the lower and/or upper limits of the RIs derived from direct and indirect methods in some analytes, such as GGT, ALT, TG, TC, HDL-C, LDL-C, ALB, Fe, UA, FT3, FT4, and VIT B 12 . ALB and UA have a wider RI in the indirect method when compared to the direct method. Results similar to those for ALB have been observed for UA, where the lower limit is lower in the indirect method. Another analyte, with higher upper limits in the direct method is VIT B 12 . Others, such as GGT, ALT and CK have a narrower RI in the indirect method when compared to the direct method. The differences between the results can be attributed in part to different statistical methods (Bhattacharya and IFCC methods), and in part to differences between populations (hospital and healthy populations). With some limitations, the Bhattacharya method can be of help in the determination of reference values, as asymmetricaly distributed test results can lead to low reference values when calculated with the Bhattacharya methods (22) . The C28-A3 guideline recommends using the direct method to establish and verify RIs (5) whenever possible. However, some authors favour the indirect method as the results are clinically relevant and much simpler for an individual laboratory to implement than the time-consuming (23, 24) . Furthermore, a recent study has suggested that an indirect method can be as accurate as a direct method when the right indirect method is used (25) .
The exclusion criterion of more than one access per test to the laboratory during the data collection period has been applied in previous studies (23, 24) and the rationale for that has been already explained. Approximately 20% of patient records were eliminated after applying this rule. The next exclusion rule (elimination of the data for hospitalized patients and for ambulatory patients from the intensive care unit) was applied to obtain a population that could be labeled as outpatients so that the majority of the values for each analyte could be more health related. By applying this exclusion cascade, 37% of patient records were eliminated and the 5 million stored laboratory records were reduced to 1,366,948, refined records. This limitation was balanced by the large amount of available data, which allowed the production of genderspecific RIs. Thus, the reference limits for many analytes were calculated on sample sizes of several thousands of test results.
Our laboratory recently participated in the nationwide multicenter study of RI determination for the Turkish population by Ozarda et al. (11) . Data from the present study extended the data obtained from the nationwide study in respect of the number of samples and parameters examined, by providing region-specific RIs for 34 biochemical analytes for males and females. The RIs observed for some analytes with the direct method were in good accordance with the reported RIs in the multicenter study in Turkey (11) . However, noticeable differences were observed in the lower limits and/ or upper limits of ALT, LDH, TG, TC, HDL-C, LDL-C, Mg, TBIL, DBIL, GLU, CRE and K between the current and the multicenter study (11) . The differences between our regional data and the data of the multicenter study could firstly be attributed to differences of analyzers and reagents. Abbott kits and analyzers were used in the multicenter study, whereas Roche kits and analyzers were used in the current study. In the multicenter study, the RIs were calculated using parametric and non-parametric methods. Since the RIs were derived by the non-parametric method in the present study, these were compared with those calculated by the non-parametric method in the multicenter study. However, the only difference for the calculation of the RIs between the two studies was the elimination of extreme values as outliers; the latent value exclusion method (17) in the multicenter study (11) and the Dixon range test (16) in the present study.
Comparisons were made with previous RI studies: Ilcol . Taken together, the instrumentation, the methodology and the laboratory environment of the present study were different from these studies and all these differences may also be related to the different characteristics (e.g. nutritional, environmental, economic and socio-cultural factors) of the population used in the present study.
For reproducibility and standardization, the preanalytical aspects must be accurately defined and described for the implementation of a multicenter RI study (10) . Haemolysis is the most common preanalytical interference and still one of the biggest challenges to the laboratory specialists (26) . There is clear evidence for clinically significant differences caused by visually undetectable to moderate hemolysis for LDH, AST, K and TBIL, whereas biases for some other parameters were found to be statistically significant, but remained within the conventional Clinical Laboratory Improvement Amendments (CLIA) limits ALB, ALP, AMY, CL, HDL-C, CK, GLU, Mg, TP, TG, unsaturated iron binding
Regional reference interval study in Turkey capacity (UIBC) and UA (26) . In addition, it is known that the storage temperature and the length of storage time have some effects on the samples (27) . However, as a participant of the multicenter study, we carefully followed the SOPs and common protocol for all preanalytical aspects to standardization of the multicenter study and believe that these preanalytical effects are negligible for our study. Furthermore, the freezer has continuous temperature recording. Based on this recording, the serum samples were stored at -80 ± 2 o C for up to a maximum six months until analysis to minimize the effects of the storage temperature and the length of storage time.
In the present study, upper limits were found to be unexpectedly higher for some analytes, such as GGT, ALT and AST. However, the participants were excluded based on self-reported alcohol/tobacco consumption. There is a possibility that under-reporting of alcohol/tobacco consumption may have affected the data (e.g the upper limit of GGT). In addition, the enzyme analytes in this study are non-functional plasma enzymes and their lower limits have no diagnostic meaning, but upper limits are critical from a diagnostic perspective. Thus, the differences in the lower limits of the enzymes between studies can be ignored. However, there is an exceptional condition that low values of ALP may indicate hypophosphatasia which is caused by deactivating mutations within the gene that encodes the tissue-nonspecific ALP characterized by deficiency of serum ALP with defective bone and teeth mineralization (28) . A similar approach could also be applied to the lower limits of TG, TC, HDL-C, DBIL, UN, and CRE as these are also not critical for diagnosis. The upper reference limits derived for GLU and lipid parameters in serum are not meant to be used for clinical decision-making, and it is therefore more appropriate to apply clinical decision limits for these parameters in order to identify risk for certain diseases.
It is known that Turks have a high prevalence of coronary heart disease, associated with some known risk factors. Turks have distinctively low concentrations of HDL-C, associated with elevated hepatic lipase activity and fasting triglyceridemia (29) . Genetic and environmental factors are also important in modulating HDL-C concentrations in Turks (30) . In the present study, the upper limits of HDL-C in males and females were 1.3 mmol/L and 2.0 mmol/L, respectively. The upper limits of TG and TC in males and females were 3.12 mmol/L and 2.71 mmol/L, and 6.68 mmol/L and 6.53 mmol/L, respectively. These values are comparable to those reported for males and females living in other regions in Turkey (R1, R2, R3 and MC). Our data support previous studies on the risk factors and cardiovascular disease in Turkey.
The findings of this study have shown that there are some differences in lower limits and/or upper limits between the direct method and the manufacturer's expected values. From the total of 34 analytes examined in the previous study, the lower limits and/or upper limits of 25 analytes were determined as different (>10 lower or higher) using the direct method compared to the manufacturer's expected values. The difficulties experienced by manufacturers when conducting appropriate RI studies must be taken into consideration and especially the challenge of accounting for potential differences in various patient populations.
In summary, the data from the present study provide RIs for 34 biochemical analytes specific to our region (Erzurum). The observed RIs for the majority of analytes are comparable to the RIs reported recently by the nationwide multicenter RI study (11) . The observed differences in lower limits and upper limits of some analytes may reflect regional characteristics of the population in Eastern Anatolia, and nutritional and environmental factors. The national study concluded that: "With the lack of regional differences and the well-standardized status of test results, the RIs derived from this nationwide study can be used for the entire Turkish population." (11) . Although we agree with this conclusion in general, our data allow us to conclude that the region-specific RIs will provide detailed information to better understand the health status of the locally served population.
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